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ABSTRACT 

Continuous microseismic monitoring of t h e  
reg ions  around t h e  P leasant  Bayou No. 2 w e l l  i n  
Brazor ia  County, Texas and the Dow L. R. Sweezy 
No. 1 w e l l  (Bayou Parcperdue) i n  Vermilion P a r i s h ,  
Louis iana has been conducted by Teledyne Geotech 
s i n c e  September, 1978 and August, 1980 a t  the  two 
sites respec t ive ly .  The two p r i n c i p a l  o b j e c t i v e s  
of these research programs are (1) t o  assess nor- 
m a l  ambient reg iona l  s e i s m i c i t y  c h a r a c t e r i s t i c s  
p r i o r  t o  high-volume b r i n e  product ion,  and (2 )  t o  
e v a l u a t e  the seismological  impact of high-volume 
b r i n e  production and d isposa l  from these 
geopressured wells. Because n e i t h e r  of these  
w e l l s  has undergone sustained major br ine  
product ion,  the  p r i n c i p a l  r e s u l t s  of the micro- 
seismic monitoring relate t o  the  f i r s t  ob jec t ive .  

INTRODUCTION 

Commercial u t i l i z a t i o n  of t h e  energy asso- 
c i a t e d  with the  v a s t  q u a n t i t i e s  of geopressured- 
geothermal br ines  underlying the Gulf Coast 
s t r o n g l y  depends on the product ion and the s a f e  
d i s p o s a l  of these  highly s a l i n e  f l u i d s  a t  i n d i v i -  
dua l  w e l l  r a t e s  g e n e r a l l y  of the  order  of 3,000 
cubic  meters p e r  day. Such volumetr ic  productions 
would alter s u b s t a n t i a l l y  t h e  s ta te  of subsurface 
stress possibly r e s u l t i n g  i n  reg iona l  ground sub- 
s idence  and induced seismic a c t i v i t y .  To i n v e s t i -  
g a t e  the  seismic hazards assoc ia ted  with t h e  
development of t h i s  resource,  Teledyne Geotech, 
w i t h  t h e  a u t h o r i z a t i o n  of t h e  Texas Bureau of 
Economic Geology and the  Louis iana Geological 
Survey has conducted seismic monitoring programs 
i n  the  regions around the P l e a s a n t  Bayou No. 2 
well i n  Brazoria  County, Texas, and the DOW L. R. 
Sweezy No. 1 w e l l  (Bayou Parcperdue) i n  Vermilion 
Par i sh ,  Louisiana.  These two experimental  
programs c o n s t i t u t e  complementary end members of a 
continuum of poss ib le  resource development 
scenar ios .  The Brazoria  Fairway is an extremely 
large-volume resource  and i f  s i g n i f i c a n t  per- 
meabi l i ty  b a r r i e r s  are not encountered should be 
capable  of high volume b r i n e  production f o r  many 
years .  The Parcperdue Prospec t ,  on the o t h e r  
hand, is a l i m i t e d  volume resource  which should be 
deple ted  wi th in  a few months of high volume 
product ion.  Although it is l i k e l y  t h a t  every 
prospect  must be handled on an ind iv idua l  basis, 
valuable  i n s i g h t  i n t o  p o t e n t i a l  hazards assoc ia ted  

with b r i n e  product ion from a v a r i e t y  of o t h e r  
g e o p r e s s u r e d / g e o t h e r a l  Gulf Coast fa i rways and 
prospects  may be gleaned from these two prototype 
experiments. In  a d d i t i o n ,  we be l ieve  t h a t  
improved understanding of growth f a u l t  and sub- 
s idence mechanics as w e l l  as d e l i n e a t i o n  of 
poss ib le  r e s e r v o i r  b a r r i e r s  are l i k e l y  s i d e  bene- 
f i t s  of these  s tud ies .  

The Brazoria  and Parcperdue Seismic Networks 

The seismic a r r a y s  es tab l i shed  f o r  these  two 
regions are i l l u s t r a t e d  i n  f i g u r e  la (Brazoria ,  
Texas) and f i g u r e  l b  (Parcperdue , Louisiana) .  
Each network c o n s i s t s  of f i v e  short-per iod ver- 
tical motion sensors  (seismometers) which are 
mounted i n  boreholes  100 f e e t  deep t o  reduce 
s u r f a c e  noise  i n t e r f e r e n c e .  The l o c a t i o n s  of 
these  sensors  are indica ted  i n  f i g u r e  1 by t h e  
t h e  s o l i d  t r i a n g l e s .  The v i b r a t i o n s  sensed by 
t h e  seismometers are amplif ied and t h e  s i g n a l s  
conditioned f o r  phone l i n e  te lemetry t o  t h e  
Teledyne Geotech l a b o r a t o r i e s  a t  Garland , Texas. 
There, t h e  i n d i v i d u a l  channels are c o n t i m o u s l y  
recorded on microfilm and on magnetic tape.  The 
o v e r a l l  frequency response of each s t a t i o n  i s  
i l l u s t r a t e d  i n  f i g u r e  2.  The peak magnif icat ions 
f o r  t h e  Brazoria  and Parcperdue a r ray  s t a t i o n s  
are approximately 100,000 and 50,000 
respec t ive ly .  The d i f f e r e n c e s  in network sen- 
s i v i t i e s  r e f l e c t  t h e  d i f f e r e n c e s  i n  ambient l o c a l  
ground noise .  The Brazoria  a r ray  h a s  been near ly  
cont inously o p e r a t i o n a l  s i n c e  September, 1978 and 
t h e  Parcperdue a r r a y  s i n c e  August 1980. 

To assess t h e  n a t u r e  of t h e  reg iona l  seismi- 
c i t y  a t  each test w e l l ,  t h e  network analog d a t a  
are scanned d a i l y  f o r  events  of i n t e r e s t .  A l l  
events  which may be l o c a l  microearthquakes o r  
explosions are then  processed to  determine t h e i r  
hypocentral  l o c a t i o n s  (geographical and depth)  
and t h e i r  r e l a t i v e  s i z e s .  It is important  t o  
r e a l i z e  t h a t  networks wi th  such l i m i t e d  s p a t i a l  
dimensions and so few s t a t i o n s  a r e  n o t  capable of 
de l iver ing  stat  i s t ical  1 y hig h-r eso l u  t i o n  hypo - 
c e n t e r  l o c a t i o n s ,  but are dominantly designed t o  
reso lve  t h e  ques t ion  of whether o r  not  l o c a l  
se i smic i ty  above a c e r t a i n  magnitude e x i s t s .  The 
minimum magnitude threshold  f o r  these  a r r a y s  is 
approximately a 1.0 ear thquake (roughly an energy 
release of 2.2 x lo7 e r g s ) ,  al though under unu- 
sual circumstances ( i . e .  low ambient n o i s e )  
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microearthquakes with magnitudes as low as 0 .5  
may be reso lvable .  Because l o c a t i o n  c a p a b i l i t i e s  
are dependent on r e s o l u t i o n  of body waves (P o r  S 
waves) f o r  an event on a t  least four  s e p a r a t e  
instruments ,  and on u t i l i z a t i o n  of an accura te  
v e l o c i t y  s t r u c t u r e  model, the l o c a t i o n  r e s o l u t i o n  
and d e t e c t i o n  r e s o l u t i o n  f r e q u e n t l y  d i f f e r  by 
more than a f u l l  magnitude u n i t -  Throughout t h i s  
paper we s h a l l  a t tempt  t o  i d e n t i f y  the 
a p p r o p r i a t e  r e s o l u t i o n  re ference .  S imi la r ly ,  i t  
i s  important t o  r e a l i z e  t h a t  rough e p i c e n t e r  
( s u r f a c e  coord ina tes )  l o c a t i o n s  are poss ib le  
using sur face  waves (Rayleigh),  but depth loca- 
t i o n  is only poss ib le  using s o p h i s t i c a t e d  
modeling procedures with sur face  waves which are 
not  appropr ia te  t o  these da ta  . 

Observat ional  R e s u l t s  

Because n e i t h e r  the P l e a s a n t  Bayou No. 2 nor  
t h e  L. R. Sweezy No. 1 w e l l  has undergone long- 
term high-volume production, very  l i t t l e  can be 
s a i d  regarding t h e  r e l a t i o n s h i p  of draw-down and 
induced se i smic i ty .  However, wi th  a combined 
a r r a y  observa t ion  period of some f i f t y  months and 
a few short-term production tests a t  t h e  Brazoria  
s i te ,  some i n t e r e s t i n g  observat ions have been 
made, and some t e n t a t i v e  conclusions can be 
drawn. I n  t h i s  secTion, w e  s h a l l  review t h e  
s i g n i f i c a n t  observat ions from t h e  network d a t a  
and s h a l l  fol low i n  the next s e c t i o n  with ten- 
t a t i v e  conclusions and hypothesis .  We have 
attempted t o  s e p a r a t e  the two c a t e g o r i e s  t o  con- 
f u s i o n  of a c t u a l  observat ions from educated 
specula t ions  

(1) Natura l  (non-induced) microearthquake 
a c t i v i t y  a t  both t h e  Brazoria  and Parcperdue 
sites is  very low and the s i z e  (magnitude) of the 
events  is very small. 
recorded wi th  magnitudes l a r g e r  than 1.5. 

No events  have been 

( 2 )  P o s i t i v e  i d e n t i f i c a t i o n  of normal 
n a t u r a l  events  is o f t e n  very d i f f i c u l t -  
Microearthquakes have been recorded with normal 
high-frequency body waves (see f i g u r e  3) and with 
unusual ly  low-frequency body waves (see f i g u r e  
4). Some events  have been t e n t a t i v e l y  i d e n t i f i e d  
as  ear thquakes because they occurred a t  pecul ia r  
times of day and/or were not p a r t  of a normal 
e x p l o r a t i o n  explosion series. Their  frequency 
conten t ,  however, would normally suggest  an 
explos ive  source.  Body waves f r e q u e n t l y  have 
s i g n a l  to noise  r a t i o s  less than 1:l requi r ing  
l o c a t i o n  of t h e  event  using s u r f a c e  wave 
techniques.  

( 3 )  Unusual "rumbling" events  have occurred 
a t  t h e  Brazoria  a r r a y  ( f i g u r e  5 ) .  These events  
have no c l e a r l y  i d e n t i f i a b l e  body waves, and 
almost always i n d i c a t e  a propagat ion d i r e c t i o n  
a c r o s s  the a r r a y  by the order  of a r r i v a l s .  They 
u s u a l l y  occur as swarms and show a vague cor re la -  
t i o n  of sus ta ined  amplitude and dura t ion .  
Frequent ly ,  these  events  w i l l  be followed by 
t r a i n s  of one h e r t z  waves l a s t i n g  severa l  

minutes. There i s  no obvious i n c r e a s e  o r  
decrease  i n  t h e  number o r  s i z e  of t h e s e  events  i n  
t h e  sequence. Some times these rumble events  
w i l l  be followed by one o r  more d i s t i n c t  but very 
small microear t  hquake-type event s 

(4) The s p a t i a l  d i s t r i b u t i o n  of events  which 
could be i d e n t i f i e d  e i t h e r  c l e a r l y  as microearth- 
quakes o r  could not be i d e n t i f i e d  p o s i t i v e l y  as 
explos ive  sources  show a s t rong c o r r e l a t i o n  w i t h  
known growth f a u l t  l o c a t i o n s  ( f i g u r e s  l a ,  l b ) .  
No microse ismic i ty  a t  t h e  Brazoria  a r r a y  loca ted  
a t  t h e  growth f a u l t s  east o r  n o r t h e a s t  of t h e  
test  well. This  may be s i g n i f i c a n t  o r  may only 
i n d i c a t e  t h e  s t r o n g l y  prefer red  coverage of t h e  
a r r a y .  

(5) Following br ie f  b r i n e  product ions a t  t h e  
P leasant  Bayou No. 2 w e l l ,  small e v e n t s  occurred 
t h i r t y  t o  s i x t y  days a f t e r  shut- in  and appeared 
t o  l o c a t e  f u r t h e r  from t h e  well-head as a func- 

, t i o n  of time. Also, w i t h  t h e  proviso t h a t  depth  
c o n s t r a i n t s  are poor, t h e r e  appears t o  be a 
migra t ion  of a c t i v i t y  from the geopressured zone 
upward wi th  increas ing  t i m e  following shut-ins.  

(6 )  Surface  waves have frequency-dependent 
group v e l o c i t i e s  which are t ransonic  i n  t h e  range 
between 10 h e r t z  and 1 h e r t z  ( f i g u r e  6) .  The 
Airy phase (minimum group t r a v e l  t ime)  has a 
dominant frequency of 5 h e r t z  and i s  ex t rene ly  
subsonic .  Because of t h i s ,  the  coupl ing between 
ear th- t ransmi t ted  Rayleigh waves and air- 
t ransmi t ted  acous t ic  waves is  very complex, 
making u t i l i z a t i o n  of s u r f a c e  waves f o r  a n a l y s i s  
d i f f i c u l t .  

( 7 )  The s i g n i f i c a n t  v a r i a t i o n  i n  appearance 
of a common event  on d i f f e r e n t  s t a t i o n s  i n d i c a t e s  
t h a t  l o c a l  a t t e n u a t i o n  c h a r a c t e r i s t i c s  are q u i t e  
cauplex. 

T e n t a t i v e  Conclusions and Specula t ions  

Based on t h e  observa t iona l  results t o  d a t e  
and o t h e r  knowledge, we would l i k e  t o  suggest  
some t e n t a t i v e  conclus t ions  and s p e c u l a t i o n s  f o r  
c o m  i d e  r a t i o  n . 

(1) Both high-stress-drop and low-stress- 
drop microearthquakes have been observed.  Figure 
3 i s  an example of a high-stress-drop, f a s t -  
rupture-veloci  ty  microearthquake recorded a t  t h e  
Parcperdue a r ray .  The r e s o l u t i o n  of t h e  hypo- 
c e n t e r  f o r  t h i s  earthquake on 27 March 1981 i s  
q u i t e  good and s t rongly  sugges ts  a s s o c i a t i o n  w i t h  
t h e  southernnost  growth f a u l t  ind ica ted  on f i g u r e  
l b .  The depth  c o n s t r a i n t  on t h i s  event  i s  w i t h i n  - + 500 meters and i n d i c a t e s  a depth a t  t h e  top of 
t h e  geopressured zone- Figure 4, on t h e  o t h e r  
hand, is  an example of a slow-rupture-velocity,  
low-stress-drop microearthquake recorded a t  t h e  
Brazor ia  a r r a y  on 1 January 1981. 
is w e l l  cons t ra ined  and suggests  t h a t  t h e  more 
l i k e l y  form of rupture  well above t h e  
geopressured zone may be a slow movement, 

The hypocenter 
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p o s s i b l y  very near ly  a g r a v i t y  s l i d e  phenomenon. 
It is poss ib le  t h a t  the  observed rumble a c t i v i t y  
is an ex tens ion  of t h i s  phenomenon to  even slower 
processes  ( s e e  f i g u r e  5 ) .  

( 2 )  The outward and upward migra t ion  of 
s e i s m i c i t y  fol lowing shut-ins a t  t h e  Brazoria  
test w e l l  may suggest  a propagat ing s t r e s s  
r e l a x a t i o n  f r o n t  which could be very  important  to  
understanding time delays of f a u l t - c o n t r o l l e d  
subsidence.  The f a c t  t h a t  near ly  a l l  microearth- 
quakes show s t rong  a f f i n i t y  to growth f a u l t s  
would support  the observat ions of Kreitler (1976) 
t h a t  subsidence is cont ro l led  by l o c a l  f a u l t s  in 
t h e  Houston-Galveston area. 
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Figure 2 . Seismic System Veloc i ty  response 
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Figure 6.  
f o r  the  Texas and Louis iana coast. 

Rayleigh wave phase and group v e l o c i t i e s  

( 3 )  The a f f i n i t y  of Brazoria  se i smic i ty  t o  
t h e  north-south t rending growth f a u l t  which 
passes  between BEG3 and BEG5 (see  f i g u r e  l a )  may 
i n d i c a t e  t h a t  t h i s  is a s i g n i f i c a n t  l i n e a r  per- 
meabi l i ty  b a r r i e r  and w i l l  l i m i t  t h e  production 
of br ines  t o  t h e  east of t h e  f a u l t .  I f  t h i s  is 
t h e  case, then  i t  may be poss ib le  t o  d e f i n e  
r e s e r v o i r  dimensions using such induced a c t i v i t y .  
Fur ther ,  i f  a c t i v i t y  cont inues t o  be confined t o  
t h i s  p a r t i c u l a r  f a u l t ,  i t  may i n d i c a t e  t h e  most 
l i k e l y  reg ion  f o r  f u t u r e  concentrated subsidence 
s t u d i e s  

1.a Seismic events at Pleasant Bayou, Texas from January to July 1981 
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Figure  I .  a. Brazoria  seismic ar ray  
b.  Parcperdue seismic ar ray  

July 1981 
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Figure 3.  27 March 1981 earthquake or ig in  time 17;48 = 16142 UCT (CST + 6 h r s ) ,  magnitude 
= 1.3,% = 1.4.  
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Figure 4 .  
03:32:29.29 UCT (31 December 1980 21:32:29.29 CST). 

Background noise  samples with microseismic event (magnitude 1.6), 1 January 1981 
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Figure 5 .  Event 25 May 1981. Rumble event with no clear onset .  
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